INTRODUCTION
============

Gastric cancer is one of the most common malignant tumors and the third leading cause of cancer-related deaths worldwide ([@B1][@B2]). Among the various treatment options for patients with gastric cancer, surgical resection is the only known curative treatment that achieves long-term survival ([@B3]). Recently, an improved understanding of the cause and progression of gastric cancers has led to substantial advances in surgical management. Radical gastrectomy, however, remains a challenging surgical procedure with significant postoperative morbidity (range, 14--43%) and mortality rates (range, 1--12%; average, 3%) ([@B4][@B5][@B6]). Technological advancements in multidetector computed tomography (CT) have allowed an accurate assessment of the expected anatomical changes in the postoperative stomach, as well as an exact evaluation of postoperative complications ([@B7][@B8][@B9][@B10][@B11][@B12][@B13][@B14]).

In this article, we review the most common gastric surgical procedures, including total or subtotal gastrectomy, pylorus-preserving gastrectomy (PPG), and bariatric surgery, and describe their expected postoperative appearances on multidetector CT. In addition, we describe the imaging features of the most common early and late postoperative complications, including anastomotic leak, gastric stasis, pancreatitis fistula, omental infarct, bleeding, afferent loop syndrome, and bezoar.

Surgical Techniques and Postoperative Anatomy after Gastric Cancer Surgery
==========================================================================

Extent of Gastric Resection
---------------------------

Locally advanced gastric cancer can be treated with either subtotal distal gastrectomy (DG) or total gastrectomy (TG). DG is generally indicated for cancers in the lower or middle third of the stomach, and two-thirds of the stomach, including the pylorus, is usually removed. However, TG is usually performed for cancers in the upper or middle third of the stomach, and the whole stomach, including esophagogastric junction and pylorus, is resected. Although the optimal resection margin remains debated, 3--5 cm is recommended for curative surgery ([@B15][@B16][@B17][@B18][@B19]), and DG is selected when a safe proximal resection margin can be obtained. The distal resection margin of both DG and TG is generally 1--2 cm distal to the pylorus.

Reconstruction
--------------

After DG, intestinal continuity is restored with gastroduodenostomy (Billroth I), loop type gastrojejunostomy (Billroth II) with or without Braun anastomosis, or Roux-en-Y gastrojejunostomy. In Billroth I reconstruction, the stomach and the duodenum are directly connected in an end-to-end anastomosis ([Fig. 1](#F1){ref-type="fig"}). In Billroth II reconstruction, the stomach and the jejunum are anastomosed in an end-to-side fashion, in either isoperistaltic or antiperistaltic manner ([Fig. 2](#F2){ref-type="fig"}). Gastrojejunal anastomosis from the left side of greater curvature with an afferent loop to the right side of lesser curvature with the efferent loop is called isoperistaltic because the peristaltic direction of the remnant stomach and jejunum is the same. Conversely, gastrojejunal anastomosis extending from right to left is called antiperistaltic. The position of the jejunal loop for gastrojejunostomy can be either anterior or posterior to the transverse colon, and called antecolic or retrocolic, respectively. Braun anastomosis, which refers to side-to-side anastomosis between afferent and efferent loops, is sometimes created, expecting a decrease in bile reflux to the remnant stomach. When a gastric remnant is small, Roux-en-Y gastrojejunostomy is preferred. After TG, Roux-en-Y anastomosis is the standard reconstruction method, composed of esophagojejunostomy and end-to-side jejunojejunostomy ([Fig. 3](#F3){ref-type="fig"}). The position of the jejunal segment for esophagojejunostomy can also be either antecolic or retrocolic.

Lymph Node Dissection and Omentectomy
-------------------------------------

D1 lymphadenectomy refers to a limited lymph node dissection, whereas D2 lymphadenectomy is an extended lymph node dissection. For potentially curable locally advanced gastric cancer, D2 lymphadenectomy is considered the standard lymphadenectomy in high incidence countries, such as South Korea and Japan. Less extensive lymphadenectomy has often been performed in Western countries having low caseloads. Several Western studies comparing D1 with D2 lymphadenectomy revealed that postoperative mortality was significantly higher after a D2 lymphadenectomy than D1 without an improvement in overall survival ([@B20][@B21][@B22][@B23]). However, a long-term follow-up in the nationwide Dutch study has recently reported a better cancer-related survival after D2 dissection than D1 ([@B24]); thereafter, recent Western guidelines recommended D2 dissection ([@B16][@B17]).

The lymph node stations supposed to be dissected vary according to the type of gastrectomy ([@B15]). For example, in TG with D2 dissection, the lymph node stations to be dissected are stations from number 1--7 (consisting of D1 lymphadenectomy), plus number 8a, 9, 10, 11p, 11d, and 12a, but D2 dissection in DG omits stations of number 2, 4sa, and 11d.

Splenectomy aiming at complete lymphadenectomy at the splenic hilum of station number 10 has been under debate for survival benefits while splenectomy was associated with increased postoperative morbidity and mortality. Since recent studies have reported that spleen-preserving TG showed noninferiority for long term oncologic outcomes ([@B25][@B26][@B27][@B28]), many guidelines do not recommend prophylactic splenectomy for splenic hilar lymph node dissection ([@B15][@B17][@B18][@B19][@B29]).

Although complete omentectomy has traditionally been performed as part of the curative radical gastrectomy, its survival benefits have been under debate as well, and studies have evaluated the necessity for complete omentectomy ([@B30][@B31][@B32]). The latest Japanese gastric cancer treatment guidelines stated that the omentum more than 3-cm away from the gastroepiploic arcade might be preserved for cT1 or cT2 gastric cancer ([@B15]).

Function-Preserving Surgery for Treating Early Gastric Cancer
-------------------------------------------------------------

In early gastric cancer, the extent of resection may be decreased, requiring only a resection margin of about 1--2 cm because the frequency of lymph node metastasis was low. Consequently, the concept of function-preserving gastrectomy was introduced to preserve function without compromising oncologic safety, frequently performed with a laparoscopic approach as a minimally invasive surgery ([@B33][@B34]).

PPG preserves the pyloric ring, with anastomosis between the antral cuff and remnant proximal stomach, which can be used for early gastric cancer in the middle portion of the stomach without evidence of regional lymph node metastasis ([@B35]) ([Fig. 4](#F4){ref-type="fig"}). In PPG, suprapyloric lymph node dissection is omitted to preserve the right gastric vessels as well as hepatic and pyloric branches of the vagus nerve, which are essential for preserving pyloric function. Compared with DG, the benefits of PPG are the lower incidence of dumping syndrome, bile reflux, and gallstone formation as well as better nutritional advantages ([@B35][@B36]).

Even though proximal gastrectomy is an alternative option to the TG in the early gastric cancer in the upper third of the stomach, it is not a popular surgical choice because of anastomosis-related late complications such as reflux esophagitis and anastomotic stricture ([@B37][@B38]). Therefore, many modified esophagojejunostomy procedures have been tried in place of an esophagogastrostomy, including double tract reconstruction and jejunal interposition ([@B39]). Double tract reconstruction is composed of Roux-en-Y reconstruction and end-to-side gastrojejunostomy along the alimentary loop ([Fig. 5](#F5){ref-type="fig"}). A double tract means that food passage flows simultaneously to the stomach as well as to the jejunum after reconstruction ([@B40]).

Early Postoperative Complications after Gastric Cancer Surgery
==============================================================

Early postoperative complications after gastric cancer surgery can be divided into three categories: 1) complications related to gastric surgery such as anastomotic complication, duodenal stump leakage, gastric stasis, pancreatitis fistula, remnant stomach infarct, omental infarct, and bile duct stricture; 2) complications common to other abdominal surgeries, including hemorrhage, infection, wound problems, ileus, and chylous ascites; and 3) complications not related to surgery, such as pulmonary complications from general anesthesia or renal failure. The most common complications after gastric surgery include pulmonary complications, wound problems, anastomotic leakage, ileus, and bleeding. In this article, we focused on complications related directly to gastric surgery.

Anastomotic Leakage
-------------------

Postoperative leakage can arise from sutures or staple lines, and most commonly occurs within the first 7 to 10 days after surgery. Because of the differences in surgical procedures and study populations, the reported incidence varied from less than 1% to over 10%, and is reported to be higher in TG than in subtotal DG ([@B41][@B42]).

When the anastomotic leakage is suspected, a contrast swallow study would be the initial imaging modality, although its routine exam after gastrectomy is not recommended ([@B43][@B44]). Extravasation of contrast materials from the lumen with a track-like or cavity-like collection at the anastomosis suggests anastomosis leakage ([Fig. 6](#F6){ref-type="fig"}). However, negative results from contrast swallow study may not completely rule out the possibility of leakage since its reported sensitivity is approximately 50--60% ([@B12][@B43][@B45]). A surgical drain should be carefully evaluated since the opacification of the drain tube can be the only presentation of a leak when contrast materials flow directly to the drain tube adjacent to the leak site. It may sometimes be difficult to distinguish a leak from a trapped contrast material within plication defects, which are focal areas of outpouching deformity and usually associated with a suture line. Leaks get more evident over time because of increasing amounts of leaked contrast materials, while plication defects readily fill and empty with contrast materials and have well-defined margins ([@B46][@B47]).

CT after positive oral contrast ingestion can be useful for the determination of leakage through the detection of accumulated extraluminal contrast, with benefits of being easier to perform in very ill patients and being more informative for other postoperative complications such as hemorrhage or abscesses ([@B48][@B49]) ([Fig. 7](#F7){ref-type="fig"}). On CT without oral contrast, wall discontinuity at the anastomosis site is a specific direct sign for an anastomotic leak but not a sensitive one. In a recent study, CT showed wall discontinuity in 64% of fluoroscopy-detected anastomotic leakage group and 6% of suspected leakage on CT in the fluoroscopy-negative group ([@B12]). Perianastomotic fluid collection is common in anastomotic leakage, but not reliably differentiated from a transient postoperative serum collection. A large (\> 3 cm) air-containing fluid collection at the anastomosis site was reported to be relatively significant for predicting an anastomotic leak after gastric surgery ([@B12]). Alternatively, an anastomotic leak may appear as generalized peritonitis.

Duodenal Stump Leakage
----------------------

Duodenal stump leakage is infrequent but a severe complication with high mortality after gastrectomy with an incidence range of 1.1--2.5% and mortality range of 9.4--16.2% ([@B50][@B51][@B52][@B53]). In case of leakage from the duodenal stump, enzyme-rich pancreatic juice and bile directly flow out from the duodenal stump and cause local peritoneal irritation, subsequently developing many other complications, such as intra-abdominal abscess, wound infection, sepsis, acute pancreatitis, and abdominal bleeding ([@B50][@B52]). Contrast swallow study sometimes has a limitation for diagnosis of duodenal stump leakage, since contrast materials frequently cannot reach the duodenal stump through afferent loop following Billroth II or biliary limb after Roux-en-Y reconstruction because of its retrograde direction. Instead, CT is a useful modality in the diagnosis of duodenal stump leakage by delineating fluid collections or abscesses around the duodenal stump. Sometimes, wall defect or dehiscence in a duodenal stump line can be directly delineated ([Fig. 8](#F8){ref-type="fig"}). Although ^99m^Tc-diisopropyl iminodiacetic acid scan is not widely used, it can permit a direct visualization of the afferent loop, facilitating the detection of duodenal stump leakage ([@B49]).

Gastric Stasis and Passage Disturbance
--------------------------------------

After partial gastrectomy, gastric stasis in the remnant stomach is common, usually secondary to ileus or perianastomotic wall edema, and generally self-limiting. On a plain abdominal radiograph, the air-fluid level in the distended remnant stomach can be seen. Contrast swallow study should reveal a patent anastomosis without obstruction.

Concerning PPG, delayed gastric emptying is an important complication, which is known to be partly caused by pyloric spasm and antral edema. The incidence of gastric stasis or delayed gastric emptying after PPG range from 6.2% to 10.3% ([@B35]). In patients with suspected gastric stasis, pyloric spasm can be diagnosed when severely narrowed pyloric canal without relaxation is seen on the contrast swallow study ([Fig. 9](#F9){ref-type="fig"}). Pyloric spasm after PPG may be improved with conservative management. However, if it is not improved, balloon dilatation or temporary stent insertion would be an effective treatment option ([@B54]).

Pancreatic Fistula and Acute Pancreatitis
-----------------------------------------

The pancreatic capsule can be injured during ligation of the right gastroepiploic artery and its dissection from the gastroduodenal artery or during the removal of lymph nodes along the splenic artery or splenic hilum during gastric cancer surgery. Moreover, postoperative pancreatic complications may occur, such as acute pancreatitis or pancreatic fistula, which are potentially life threatening with subsequent abscess, secondary anastomotic leakage, or bleeding. The incidence of postoperative pancreatic fistula has been reported as 1.7% to 22.1%, and it depends on the type of surgery and tumor stage ([@B55][@B56]). A study performed in a large-volume hospital reported that the postoperative pancreatic fistula was detected in 30 out of 900 patients (3.3%) and was more common in patients with TG, distal pancreatectomy, or open gastrectomy ([@B55]). Pancreatic fistula is generally diagnosed when the amylase level in the surgical drain is three times higher than the normal upper limit of serum amylase on the third day postoperatively ([@B57]). Radiologic documentation is not mandatory for the diagnosis. However, CT or fistulography may be useful by identifying subsequent complications such as an abscess or bowel leakage ([Fig. 10](#F10){ref-type="fig"}).

Omental Infarction
------------------

Omental infarction is an uncommon complication after gastrectomy, as omentum-preserving gastrectomy has increased. In a case series study recruiting 390 laparoscopy-assisted gastrectomies with partial omentectomy, the incidence was reported as 2.3% and more common in TG or obese patients ([@B58]). On CT, omental infarct appears an ill-defined, heterogeneous fat density lesion in an early stage, becoming smaller and looks like fatty mass with a peripheral high attenuating rim in their late stages ([@B58][@B59][@B60]). Omental infarction can be easily diagnosed immediately after surgery. However, if it is detected on follow-up CT, it looks like peritoneal seeding, and it is difficult to differentiate it from peritoneal seeding. Unlike peritoneal seeding diffusely involving peritoneum, omental infarction is localized on the omentum and becomes smaller during follow-up when compared with previous CT ([Fig. 11](#F11){ref-type="fig"}).

Ischemia of Left Lobe of the Liver
----------------------------------

In the gastric cancer surgery, the left gastric artery (LGA) is generally ligated. In the case of replaced left hepatic artery (LHA) which refers to LHA totally originating from the LGA, LGA ligation may also block the LHA flow, resulting in temporary increase in liver enzyme level and rarely hepatic infarction in the left hepatic lobe after gastric surgery ([@B61][@B62]) ([Fig. 12](#F12){ref-type="fig"}). For this reason, some surgeons prefer to preserve replaced LHA or large accessory LHA. Preoperative dynamic CT can give valuable information on the variation of LHA running through the fissure for ligamentum venosum ([@B63][@B64]) ([Fig. 12](#F12){ref-type="fig"}).

Remnant Gastric Infarct
-----------------------

Although remnant gastric infarct after subtotal gastrectomy is very rare because of the rich vascular supply to the stomach, it is potentially fatal and requires prompt diagnosis and reoperation. Vascular supply for the remnant stomach is generally supposed to have left inferior phrenic artery and short gastric branches from the splenic artery. Therefore, injuries or insufficiency of any cause in these vessels can lead to remnant gastric infarct. In several case reports, it may usually occur within one week after gastrectomy, with or without splenic infarction, and predominantly in men ([@B65][@B66][@B67][@B68][@B69]). On contrast-enhanced CT, a complete absence of contrast enhancement in the remnant stomach indicates infarction, while poor mucosal enhancement should raise a suspicion of severe ischemia ([Fig. 13](#F13){ref-type="fig"}). In the late stage, anastomotic leakage, gastric perforation, or perigastric complicated fluid collection can be accompanied.

Late Postoperative Complications after Gastric Cancer Surgery
=============================================================

Late complications include not only delayed presentation of early complications, but also unique late complications of gastrectomy, including postgastrectomy syndromes. Postgastrectomy syndrome refers to various disorders and symptoms resulting from loss of gastric storage, pyloric sphincter function, and physiologic changes following the vagus nerve cutting and various types of reconstructions. They include dumping syndrome, delayed gastric emptying, afferent loop syndrome, Roux stasis, and bile reflux gastritis.

Dumping Syndrome
----------------

Dumping syndrome is a frequent postgastrectomy complication occurring in response to the rapid transit of hyperosmolar gastric contents into the proximal intestine. Early dumping begins within 30 minutes of food consumption and manifests as both gastrointestinal and vasomotor symptoms, whereas late dumping occurs 2 to 4 hours after meal ingestion and consists primarily of vasomotor symptoms and associated hypoglycemia ([@B70]). The diagnosis is based primarily on inciting factors and the presence of classic symptoms ([@B70]).

Afferent Loop Syndrome
----------------------

After Billroth II reconstruction, the afferent loop may become dilated, which can lead to abdominal pain, nausea, vomiting, and rarely obstructive jaundice or acute pancreatitis. This had been called the afferent loop syndrome. The acute presentation may be caused by a complete obstruction of this limb with any cause but mainly due to adhesion. CT is a useful modality for the diagnosis as well as for identifying the level and cause of obstruction. Afferent loop syndrome usually manifests as a dilated, fluid-filled afferent loop ([@B8]) ([Fig. 14](#F14){ref-type="fig"}). Acute afferent loop syndrome also can occur in Roux-en-Y reconstruction, as a biliopancreatic limb acts as an afferent loop. Chronic manifestation may result from partial obstruction of an afferent loop. The preferential flow of ingested contents into a dilated afferent limb rather than the efferent limb also can cause chronic afferent loop syndrome, and this can be identified with contrast swallow study.

Internal Hernia
---------------

After gastrectomy, along with small bowel mobilization, an internal hernia can develop through the mesenteric defects or a space made by anastomosed bowel loops. Antecolic Roux-en-Y reconstruction has two potential spaces for internal hernia: the jejunojejunostomy mesenteric defect and the Petersen\'s defect, which is a space posterior to the Roux limb. Retrocolic reconstruction adds one more mesenteric defect at the transverse mesocolon, where the Roux limb passes. After Billroth II reconstruction, an internal hernia can occur through Petersen\'s defects, but the reported incidence of internal hernia is much lower than in Roux-en-Y reconstruction ([@B71][@B72]). An internal hernia may be presented as small bowel obstruction, chronic intermittent abdominal pain, or even asymptomatic.

Typical CT findings of internal hernia after Roux-en-Y reconstruction include whirl sign, mushroom sign, abnormal clustering of the small bowel in the upper abdomen, the presence of a jejunojejunostomy at the right abdominal cavity, a small bowel behind the superior mesenteric artery, beaking of superior mesenteric vein, and displacement of Treitz angle anteriorly and to the right ([@B14][@B73][@B74][@B75]) ([Fig. 15](#F15){ref-type="fig"}). However, the sensitivity of these CT findings is not high. The whirl sign, also called whirlpool or swirl sign, refers to mesenteric vessel whirling at the mesenteric root and is thought to be the most sensitive finding ([@B75][@B76]). The mushroom sign refers to a mushroom-shaped mesenteric root between the superior mesenteric artery and the distal mesenteric arterial branch. Multiplanar reconstruction images could make the diagnosis easier by showing other planes of the mesentery which has three-dimensional geometry ([Fig. 15](#F15){ref-type="fig"}).

Bezoar
------

A bezoar may form in a gastric remnant, especially when a vagotomy has been performed ([@B77]). Because of decreased peristalsis and the absence of gastric acid, retained ingested materials can coalesce to become a large mass-like conglomerate. On CT, a bezoar appears as a large air-mottled inhomogeneous mass within the gastric remnant ([@B78]). Whole or part of the bezoar may migrate distally, and this can cause small bowel obstruction.

Gallstone and Biliary Dilatation
--------------------------------

Gastrectomy, including vagotomy, which can cause sphincter of Oddi dysfunction, delayed bile circulation, increasing gallbladder intraluminal pressure, and adverse hormonal effects, may cause cholelithiasis and bile duct dilatation ([@B79]); therefore, suggesting a higher incidence of gallstones in people who have undergone gastrectomy than in the general population. The reported incidence of gallstones after gastrectomy ranges from 7.4--27.7% ([@B80][@B81][@B82][@B83]). A recent study of more than 17000 patients reported that gallstone formation after gastrectomy was associated with older age, TG, duodenal exclusion, and other comorbidities ([@B83]).

Postoperative Anatomy and Common Complications after Bariatric Surgery
======================================================================

Bariatric surgery aims to reduce the volume of the stomach to limit food intake or bypass the gastrointestinal tract to limit absorption, thereby causing weight loss and treating complications related to obesity. According to the survey by International Federation for the Surgery of Obesity and Metabolic Disorders, approximately 580000 bariatric or metabolic surgical operations were performed worldwide in 2016, with the most common procedure being sleeve gastrectomy (SG) (53.6%), followed by Roux-en-Y gastric bypass (RYGB) (30.1%), one-anastomosis gastric bypass (mini-gastric bypass or Omega loop gastric bypass) (4.8%), adjustable gastric banding (AGB) (3.0%), and biliopancreatic diversion/duodenal switch (0.5%) ([@B84]). In addition, worldwide trends over the past decade show a marked decrease in the number of AGB but a steep increase in the number of SG, although there are regional variations ([@B84][@B85]). In this review, we deal with the three most prevalent bariatric operations of AGB, SG, and RYGB.

Adjustable Gastric Banding
--------------------------

AGB is a purely restrictive surgical procedure by placing the silicone band having inflatable balloon cuff within 2 cm of the gastroesophageal junction, creating a small gastric pouch of 15--20 mL with a narrow stoma through the band ([Fig. 16](#F16){ref-type="fig"}). The band is connected with a tubing to a subcutaneous port placed in the anterior abdominal wall. The port can be accessed percutaneously to inflate or deflate the balloon cuff, adjusting the size of the stoma ([@B86][@B87]). AGB was favored in the 1990s and 2000s because of the easy surgical technique and low rates of early and late complications; however, currently AGB has waned probably due to high rates of failure and long-term complications ([@B84][@B88]).

On an anteroposterior abdominal radiograph, the band should be positioned approximately 5 cm below the left hemidiaphragm and should have a rectangular appearance because its anterior and posterior aspects are superimposed ([@B86]) ([Fig. 16](#F16){ref-type="fig"}). The phi angle, an superior angle formed by the longitudinal axis of the gastric band and the spinal column, is normally between 4° and 58°. Gastric band slippage is defined as the herniation of the distal stomach upward from below the band, resulting in eccentric pouch dilatation, and if remained untreated, it may lead to chronic stomal stenosis or gastric necrosis. In the presence of band slippage, clock-wise or counter clock-wise rotation of the band, a phi angle of more than 58° or less than 4°, may be seen on abdominal radiographs ([@B89]). The band itself can erode through the gastric wall partially or completely into the lumen, and can even migrate distally. This intragastric band erosion usually warrants band removal because of the risk of perforation, hemorrhage, or obstruction. On contrast swallow study, the band will appear as an intraluminal filling defect, with contrast surrounding the intragastric portion of the band. On CT, the intraluminal migration of a portion of the band may be identified ([@B90]) ([Fig. 17](#F17){ref-type="fig"}).

Sleeve Gastrectomy
------------------

SG is an essentially restrictive surgical intervention consisting of subtotal vertical gastrectomy with preservation of the pylorus, including longitudinal resection of the fundus, body, and antrum, to create a tubular duct along the lesser curvature ([Fig. 18](#F18){ref-type="fig"}). Resection comprises approximately 80% of the stomach, and the remnant gastric has a capacity of approximately 100 mL ([@B91][@B92][@B93]). SG is one of the newest bariatric procedures and has become popular with several advantages, such as a low rate of complication, short operative time, and lack of gastrointestinal anastomosis and malabsorption ([@B84]).

Gastric leaks are potential complications and most commonly occur from the proximal end of the staple line near the gastroesophageal junction ([@B94][@B95][@B96][@B97]). Contrast filled within non-excised fundus may be mistaken for an extraluminal leak. Gastric stricture is a rare complication, which may develop from intra-operative stapling error, particularly at the incisura angularis ([@B98]). Contrast swallow study or endoscopy can be used for this complication. CT may show acute angulation of the gastric sleeve at the level of the incisura angularis ([@B99]).

Roux-en-Y Gastric Bypass
------------------------

RYGB is a combined restrictive and malabsorptive procedure, which is considered as the gold standard ([@B84]). The stomach is divided into a gastric pouch of small fundal component and a much larger excluded gastric remnant as a bypassed portion. The jejunum is divided approximately 10 cm from the ligament of Treitz, and the distal segment, now the Roux limb or alimentary limb, is anastomosed end-to-side with the gastric pouch. The remnant excluded stomach and proximal small bowel, now the biliopancreatic limb, is anastomosed end-to-side with the distal jejunum, approximately 75 cm distal to the gastrojejunostomy ([@B100]) ([Fig. 19](#F19){ref-type="fig"}). The length of the Roux limb and biliopancreatic limb can vary to alter the malabsorptive element ([@B101]). The Roux limb may be passed to the gastric pouch via an antecolic/retrocolic and antegastric/retrogastric approach. Small bowel distal to the enteroenterostomy is called a "common channel" ([Fig. 19](#F19){ref-type="fig"}).

The most serious early postoperative complication is a leak. The majority of leaks arise from the gastrojejunal anastomosis ([@B102][@B103]). However, leaks may also occur at other sites, including the blind-ending jejunal limb, gastric pouch, small bowel anastomosis, or rarely excluded stomach. An extraluminal leak may precede the development of a leak into the excluded stomach, a staple line leak, in which a contrast swallow study would show contrast opacification in the excluded stomach, which should not be opacified, unless it is retrogradely filled via biliopancreatic limb. Bowel obstruction after RYGB can be caused by several entities, including internal hernia, which is the most common cause of small bowel obstruction following laparoscopic RYGB, gastrojejunostomy stricture, enteroenterostomy stricture, or kinking, and adhesion ([@B104][@B105][@B106][@B107]). When the bowel obstruction involved the biliopancreatic limb only, this represents a sort of closed-loop obstruction because the most proximal part is the excluded stomach. Therefore, it could lead to the perforation of the excluded stomach if it is not treated in a timely fashion.

CONCLUSION
==========

Several techniques for the surgical management of gastric cancer and morbid obesity are available and being developed. Exact knowledge of these surgical procedures, normal postoperative anatomy, important complications and potential imaging pitfalls is essential for the proper interpretation of imaging studies in patients who undergo gastric surgery. Therefore, radiologists should have this practical knowledge and understand which imaging modality may be used to establish a correct diagnosis.
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![Postoperative anatomy in subtotal distal gastrectomy with Billroth I anastomosis.\
**A.** Illustration shows gastroduodenostomy in end-to-end fashion. **B, C.** On axial CT scans, high attenuating surgical materials (arrowheads) are seen at anastomotic site between remnant stomach (S) and duodenum (D), and along lesser curvature suture site. Note that gastric fundus (F) and esophagogastric junction (arrow) are intact.](kjr-21-793-g001){#F1}

![Postoperative anatomy in subtotal distal gastrectomy with Billroth II anastomosis.\
Illustration **(A)** and serial axial CT images **(B--D)** show loop gastrojejunostomy in antecolic and ipsiperistalic manner. On axial CT images, jejunal segment attached at left side of remnant stomach (S) is traced into duodenum (Du), indicating afferent loop (A), then other jejunal segment attached at right side of remnant stomach goes into efferent loop (E). Peristaltic direction of remnant stomach and efferent loop is same, so-called ipsiperistaltic. In addition, afferent and efferent loops are located anterior to transverse colon (Co), indicating antecolic anastomosis. Duodenal stump (Du) is easily identified with surgical materials (arrowhead) in right subhepatic space.](kjr-21-793-g002){#F2}

![Postoperative anatomy in total gastrectomy with Roux-en-Y reconstruction.\
Illustration **(A)** and serial axial CT images **(B--E)** show Roux-en-Y esophagojejunostomy after total gastrectomy. CT images show multiple surgical clips at esophagojejunostomy site (black arrowheads), jejunal stump (white arrow), jejunojejunostomy site (black arrows), and duodenal stump (white arrowhead). Alimentary limb (A) is located anterior to transverse colon (Co), indicating antecolic anastomosis. Bi = biliopancreatic limb](kjr-21-793-g003){#F3}

![Postoperative anatomy in pylorus-preserving gastrectomy.\
**A.** Illustration shows gastrogastrostomy after pylorus-preserving gastrectomy. Note that hepatic (open arrow) and pyloric (open arrowhead) branches of vagus nerve were saved. An = antrum, Bo = gastric upper body, Du = duodenum. **B.** On axial CT image, pyloric canal (arrowhead) and normal triangular duodenal bulb (Du) are intact. Contour deformity at gastrogastric anastomosis (arrows) between prepyloric antrum (An) and gastric upper body (Bo) is also noted. Compared to distal gastrectomy, visualization of remnant stomach including fundus, is same, but intact pylorus is a different point.](kjr-21-793-g004){#F4}

![Postoperative anatomy in proximal gastrectomy with double tract reconstruction.\
Illustration **(A)** and contrast swallow study **(B)** show double tract reconstruction after proximal gastrectomy composed of Roux-en-Y esophagojejunostomy (arrowhead) and end-to-side gastrojejunostomy between remnant stomach (S) and proximal efferent jejunal loop (E), allowing food passage flow simultaneously to remnant stomach (blue arrow) and jejunum (red arrow). A = afferent jejunal loop, D = duodenum. Coronal CT image **(C)** also well demonstrates remnant stomach (S) and continued duodenal loop (D) as well as efferent jejunal loop (E).](kjr-21-793-g005){#F5}

![Anastomotic leakage after Billroth I reconstruction.\
63-year-old male patient underwent distal gastrectomy with Billroth I reconstruction for advanced gastric cancer.\
**A.** On CT, which was taken at postoperative day 3 for fever evaluation, air-containing fluid collections (\*) are noted anterior to pancreas. **B.** Contrast swallow study was performed on postoperative day 11 showing patent gastroduodenal anastomosis but extraluminal leakage (arrows). Opacification at percutaneous drainage tube is also noted (arrowheads).](kjr-21-793-g006){#F6}

![Anastomotic leakage after total gastrectomy and Roux-en-Y reconstruction.\
72-year-old male patient underwent total gastrectomy with Roux-en-Y reconstruction.\
**A.** Contrast swallow study, which was performed 5 days after surgery, shows contrast leakage (black arrow) at left side of esophagojejunostomy (EJstomy). Short and blind jejunal stump (arrowheads) appears as irregular contrast-filling structure below esophagojejunostomy (EJstomy), which can be mistaken for leak. **B.** On noncontrast CT taken immediately after contrast swallow study, small pooling of contrast material (white arrow) is seen outside surgical materials of esophagojejunostomy, indicating leakage. Small pleural effusion (\*) in left lower thorax is also noted.](kjr-21-793-g007){#F7}

![Duodenal stump leakage.\
60-year-old male patient underwent subtotal gastrectomy with Billroth II anastomosis.\
**A.** On CT for postoperative fever evaluation, small fluid collection (\*) is noted around duodenal stump with defect (open arrow) at lateral wall. Tiny high attenuating structure abutting on duodenal stump is surgical material (arrowhead). **B.** Cavitogram during percutaneous drainage well demonstrates complicated fluid collection (\*) communicating with duodenum (arrow).](kjr-21-793-g008){#F8}

![Gastric stasis after pylorus-preserving gastrectomy.\
**A.** Plain abdominal radiograph on postoperative day 6 shows distended remnant stomach (S) filled with residual food materials. **B.** On contrast swallow study, which was taken on postoperative day 7, pyloric canal (arrow) is severely narrowed without relaxation, suggesting impaired pyloric function. Note that gastrogastric anastomosis (arrowheads) is widely patent.](kjr-21-793-g009){#F9}

![Acute pancreatitis after total gastrectomy.\
52-year-old male patient underwent total gastrectomy with splenectomy for advanced gastric cancer (pT4aN1) at gastric cardia. Two days after surgery, amount of drained fluid increased, and amylase level in drain was increased to 2076 U/L.\
**A.** Postoperative axial CT at day 4 shows decreased enhancement at pancreas tail and surrounding peripancreatic fat infiltration (arrowheads), suggesting acute pancreatitis. **B.** Coronal CT image at postoperative day 14 shows interval development of complicated fluid collections around esophagojejunostomy (arrows) and perihepatic space (\*). Therefore, leakage at esophagojejunostomy site (open arrow) is strongly suspected, although wall defect is not delineated on CT.](kjr-21-793-g010){#F10}

![Omental infarction.\
**A.** On axial CT taken at 14 days after laparoscopy-assisted distal gastrectomy, small fluid collection and fat stranding are noted in omentum (arrows). **B.** On follow-up CT after 1 year, smaller, well-defined, heterogeneously attenuated mass with high attenuating rim (arrowhead) is delineated in same area. Note that fat attenuation of lesion totally disappears.](kjr-21-793-g011){#F11}

![Ischemia of left lobe of liver after gastric surgery.\
45-year-old male patient underwent open total gastrectomy for advanced gastric cancer.\
**A.** Maximum intensity projection image of preoperative CT well demonstrates replaced left hepatic artery (arrows) arising from left gastric artery (arrowhead). During operation, left gastric artery was ligated at proximal portion. Then, levels of serum aspartate aminotransferase and alanine aminotransferase increased over 1000 IU/L at postoperative day 1. **B.** On postoperative day 3 CT, enhancement in left lateral segment of liver becomes markedly decreased (\*), suggesting ischemia. **C.** On follow-up CT after 3 months, perfusion to left lateral hepatic segment restores to normal range with mild parenchymal volume decrease (open arrows).](kjr-21-793-g012){#F12}

![Remnant gastric infarct.\
77-year-old male patient with long history of hypertension and diabetes underwent laparoscopy-assisted distal gastrectomy with Billroth II reconstruction for advanced gastric cancer.\
On axial **(A)** and coronal **(B)** CT images obtained at postoperative day 5 for postoperative fever evaluation, lesser curvature and anterior wall of remnant stomach are poorly enhanced (black arrows) compared to normal enhancement of gastric fundus (white arrow). Total gastrectomy was then performed, and transmural infarct was confirmed at lesser curvature to anterior wall of remnant gastric specimen (not shown).](kjr-21-793-g013){#F13}

![Afferent loop syndrome due to adhesive ileus after subtotal distal gastrectomy with Billroth II reconstruction.\
56-year-old male patient underwent subtotal gastrectomy with Billroth II reconstruction for early gastric cancer 2 years ago. He presented with abdominal pain and nausea.\
**A, B.** On axial CT images, afferent limb (\*) is markedly dilated with fluid, while efferent limb is not. **B.** Transition zone (arrow) is noted immediately distal to Treitz ligament in left abdomen. It shows beak-like appearance suggesting adhesive ileus. S = remnant stomach](kjr-21-793-g014){#F14}

![Internal hernia after total gastrectomy.\
**A.** Axial CT image obtained at postoperative 1-year shows protrusion of small bowel (arrowheads) into anterior abdominal cavity passing between superior mesenteric artery (black arrow) and distal mesenteric arterial branches (white arrows), so-called mushroom sign. **B.** On coronal CT image, decreased caliber of superior mesenteric vein with beaked appearance (arrow), and extensive mesenteric congestion (\*) are also seen. Laparotomy reveals Petersen\'s hernia.](kjr-21-793-g015){#F15}

![Adjustable gastric banding and postoperative images.\
Illustration **(A)** and CT scanogram **(B)** show expected appearance after adjustable gastric banding. Gastric band (black arrow) overlies left side of spine just below level of left hemidiaphragm. Angle formed by longitudinal axis of gastric band and spine is called phi (φ) angle. It is usually between 4° and 58° in normal conditions. Reservoir port (arrowhead) overlies anterior abdominal wall. Connecting tube location can vary within peritoneum. **C.** On axial CT image, inflatable balloon cuff of band (white arrows) is positioned around proximal stomach.](kjr-21-793-g016){#F16}

![Gastric band erosion.\
**A.** Coronal CT image shows lateral part of gastric band (black arrow) has eroded into gastric lumen (S). **B.** On axial CT image, liver abscess (\*), and peritoneal infiltration (arrowhead) suggesting peritonitis are seen around tube (white arrow).](kjr-21-793-g017){#F17}

![Sleeve gastrectomy.\
**A.** Illustration shows normal surgical anatomy after sleeve gastrectomy. Stomach is resected along greater curvature of fundus, body, and proximal antrum, producing narrow, banana-shaped gastric sleeve along lesser curvature. **B.** On axial CT image, metallic suture (arrow) is observed in new greater curvature of stomach. **C.** Contrast swallow study shows decrease in gastric volume with tubular morphology. Note that distal antrum (An) is intact.](kjr-21-793-g018){#F18}

![Roux-en-Y gastric bypass.\
**A.** Illustration of expected postsurgical anatomy following Roux-en-Y gastric bypass shows gastric pouch, excluded gastric remnant, antegastric Roux limb, jejunal stump, and biliopancreatic limb. **B, C.** Axial CT images delineate gastric pouch (GP), excluded stomach (ES), Roux limb (RL), and its jejunal stump (JS).](kjr-21-793-g019){#F19}
